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Using the Coupled Hadley-Isopycnic Model Experiments (CHIME), the
natural variability of the MOC and NAO will be examined in order to
better understand mechanisms behind decadal climate variability (pre-
requisite for developing decadal climate prediction).
 The Meridional Overturning Circulation (MOC) influences the North Atlantic
climate through its large poleward heat transport (e.g., Latif et al. 2004) &
could be predictable up to a decade ahead (Collins and Sinha, 2003).
 The North Atlantic Oscillation (NAO) is mainly responsible for variability of
the North Atlantic climate on many time scales from interannual to multidecadal
(Hurrell, 1995).
 Hence MOC & NAO represents ideal candidates for the study of decadal
climate predictability.
1. Motivation
We will present here some preliminary results from the existing 200-year
(preindustrial) control run of CHIME associated with both the MOC and
NAO natural variability.
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3. Preliminary Results
3.1 AMOC variability & comparison with HadCM3
 Atlantic MOC streamfunction similar in both
models with maximum of 18-20 Sv between 30°N-
60°N at depths of 700-1400 m.
 Maximum streamfunction in HadCM3 slightly
higher than in CHIME. HadCM3 have a stronger
convective mixing (circle 1).
 NADW deeper and at more realistic depth in
CHIME compared to HadCM3 (arrow 2). May be a
result of (i) weakened AABW cell in CHIME, (ii)
more faithful preservation of density of outflows
from Nordic Seas in isopycnic models (Roberts et
al.,1996) so NADW denser and hence lies deeper in
the water column or (iii) stronger mixing in HadCM3
unable to maintain high density of NADW.
 AABW weaker in CHIME than in HadCM3 and
deeper with zero contour everywhere deeper than
4000m (circle 3).
 HadCM3 has very narrow range of Labrador Sea
Water (LSW) formation compared to CHIME (circle
4).
Fig.2: Annual Atlantic Meridional Overturning
streamfunction (80-120 years average).
3.2 NAO variability & comparisons with Observations
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Fig.1: Time series of MOC index in CHIME & HadCM3. Index defined as the maximum
value of the overturning streamfunction within the square box shown in fig. 2 .
- CHIME shows evidence for some decadal timescale variability in AMOC (fig.1).
- Evidence for higher AMOC frequency in HadCM3 than in CHIME.
Fig.4: Time series of NAO index (defined
as the normalized SLP between the
Azores & Iceland averaged over each
winter).
Fig.5: Occurrence (in years) of specified
range of winter NAO index values.
2. Brief Description of CHIME & Control Run
 CHIME comprises atmosphere and ice components of HadCM3, coupled to the hybrid-coordinate ocean model HYCOM which
combines isopycnic (constant density) layers in the ocean interior with constant depth layers near the surface.
- Ocean model: HYCOM (version 2.1.34); 25 vertical layers; spherical
1.25˚x1.25˚grid south of 55˚N.
 Control Run: initialised from Levitus (1998), run for 200 years from rest.
- Atmospheric initial state identical to HadCM3 control (Gordon et al.,2000).
- It reaches an equilibrium state after about 80 years (fig.1).
 The three leading modes together account for 55%
of the total variance.
 EOF1  (fig.3a1,b1) explains 34% of the variance:
- Positive 20°N-65°N over most of water column.
- Temporal variation dominated by decadal fluctuation
and related to LSW changes ?
EOF1 confirms decadal variability of NADW cell,
probably related to LSW variability (more or less
forming).
 EOF2  (fig.3a2,b2) explains 12% of the variance:
- Dipole pattern with (i) positive 50°N-80°N below
200 m, 30°N-50°N below 2500 m and (ii) negative
20°N-40°N up to 2000 m.
- Pattern dominated by denser Greenland Sea Water
(GSW) as deeper/denser water is formed ?
- Temporal variation shows a strong interannual
variability and multidecadal variability ?
 EOF3  (fig.3a3,b3) explains 9% of the variance:
- “flip-flop” dipole pattern between LSW and GSW.
- Temporal variation shows strong interannual
variability and multidecadal to centennial timescale
variability ?
Fig.3: Empirical Orthogonal Function (EOF) of the Atlantic Meridional
Overtruning streamfunction (20°N-80°N) in CHIME (120 years detrended data
from years 80-199). (a1,a2,a3)=spatial pattern & (b1,b2,b3)=temporal patterns
associated with these mode of variability.
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- Higher frequencies of positive NAO & wider range of value for negative NAO
(fig.5).
- Slightly higher
occurrence of negative
NAO (fig.5).
- Both negative and
positive NAO have
same range of value
(fig.5).
 CHIME:
 Observations:
- Strong interannual
variability & evidence
for some decadal
variability (fig.4).
- Strong interannual
variability & evidence
for some decadal to
multidecadal
variability (fig.4).
3.3 Relationship - AMOC & NAO
Fig.6: Correlation map of annual AMOC & winter NAO
index (years 80-191, 95% level confidence) in CHIME.
 When NAO positive: surface
poleward flow gets stronger 20-45ºN
and weaker 60-70ºN.
 To some extent it reflects mode of
variability observed in EOF2 of AMOC
(fig.3a2). NAO would control the second
most important mode of variability of
AMOC, affecting AMOC on interannual
timescale, not so much on decadal
timescale.
 Stronger NAO = more deep
sinking/mixing at high latitudes.
4. Summary  References:
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3.4 The Atlantic Meridional Heat Transport and its association with AMOC
Fig.7: Hovmuller diagram of Atlantic MHT in CHIME. Fig.8: Hovmuller diagram of Atlantic MHT
anomalies (from the 80-198 mean) in CHIME.
Fig.9: Relationship between the Atlantic maximum MHT
& MOC index defined in fig.1(years 80-198) in CHIME.
 Strongest MHT in tropics &
subtropics (Northern Hemisphere).
 Decreasing Maximum MHT &
lower MHT frequency over time.
 Significant positive relationship
between maximum MOC index &
maximum MHT in the Atlantic (fig.9) .
y = 13x+7.9
R=0.55
p-value<0.05
 Preliminary results of the 200-year control run of CHIME associated with the MOC and NAO
natural variability in the Atlantic are presented here.
1) CHIME shows a more realistic AMOC pattern than in HadCM3 (especially the deeper
NADW). It also shows evidence for decadal variability of the NADW cell, probably related to
LSW (more or less forming).
2) CHIME does not capture exactly observed NAO variability. CHIME and observations show
evidence for some decadal variability. In addition, the observations shows lower frequency
variability. Further investigation will include analysis of a 1%/year CO2 increase experiment.
3) The NAO affects the AMOC on interannual timescale at high latitude, not so much on decadal
timescale ?
4) MHT: Evidence for some decadal anomaly persistence in mid-to-high latitudes; Significant
positive relationship between maximum MOC and  maximum MHT.
5. Next Steps
(i) analysis of 1%/year CO2 increase experiment to further investigate mechanisms
leading to climate variability as prerequisite for developing decadal climate
prediction; Gloersen, P. et al., 2003. Ann. Glaciol. 17,
pp. 149–10000.
- Hybrid-coordinate should combine the advantages of both model types without the weaknesses of either, i.e. (i) Better resolution
in weakly stratified region, (ii) Good vertical resolution in upper ocean, (iii) Well controlled diffusion in ocean interior (T and S
are preserved over long timescales).
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 CHIME does not capture exactly the NAO variability observed in the forced
real world. Constant external forcing in CHIME might be an explanation.
 Slightly longer time scale variability in the observation than in CHIME.
Evidence for lower frequency variability in the observations.
 The next steps include:
(iii) Comparison of results with those of HadCM3 (Collins & Sinha,2003) to
investigate impact of using different vertical representation of ocean component in
decadal climate prediction experiments.
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 MHT anomalies from -0.2 to 0.2 PW
(as HadCM3, Dong & Sutton, 2003)
 Low-latitudes: most of variability on
multi-annual timescales. Mid-to-high-
latitudes, lower frequency variations
predominate.
Dong & Sutton, 2003. Annals Geophysics,
46(1), 87-97 1
(ii) “Perfect Model” experiment to study predictability of AMOC. From initial
ocean-atmosphere state generated by CHIME (with AMOC both weak & strong),
run of ensemble of experiments with slightly perturbed atmospheric state.
Ensemble-mean predictions of AMOC intensity compared with evolution in the
corresponding decade of the  control simulation to establish extent of predictive
skill in CHIME.
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 After year 150: negative anomalies
dominate - slowdown of the MOC ?
(decreasing trend observed in fig.1)
  Evidence for both heat convergence
(e.g., ~25°N) & divergence (e.g.,~10°N).
